Introduction
The MFRPM is a variant of the RPM, a crossed-field HPM source. The RPM design is modified to produce a unique device capable of generating multiple frequencies by exciting two resonant structures individually or simultaneously. The MFRPM integrates the same advantages over traditional cylindrical cavity magnetrons as a conventional RPM, such as a large cathode surface area for supplying higher electron current, among other benefits [1, 2] . Design elements originally developed for use with a RPM can also be included, which will be discussed in the context of a MAGIC particle-in-cell (PIC) simulation. 
Conceptual Description and Example Simulation
Fundamentally, a MFRPM consists of two linear slowwave structures (SWSs) sharing a common cathode. The electron beam recirculates from one set of resonant cavities to the other by way of cylindrical bends. Whereas the RPM consists of two identical SWSs, the MFRPM might have one SWS designed to operate at the next harmonic relative to the other SWS, thereby exciting both the fundamental and higher order frequency. Figure 1 shows a crosssectional view of a MFRPM model simulated using the MAGIC PIC code. Several design features are noteworthy.
First, there exist two different sets of resonant cavities (four above the cathode and eight below the cathode). Each set of cavities is designed to operate in π-mode, wherein the RF phase shift between adjacent cavities is π radians.
In this model, the top set of cavities oscillates in π-mode at 1 GHz, whereas the bottom set oscillates at 2 GHz. The periodicity of each slow wave structure is tailored to produce roughly equivalent RF phase velocities, though this is not a necessary design requirement. This simulation applies -300 kV to the cathode in the presence of a 0.26 T axial magnetic field to produce a total output power of 225 MW. Second, the model contains a Mode Control Cathode (MCC), a design feature that has been the focus of both theoretical and experimental work in the context of the RPM [3, 4] . In the RPM, the MCC enhances coupling between each SWS to encourage phase-locking. In the MFRPM, the coupling afforded by the MCC is thought to lead to the excitation of the next harmonic on the top SWS, which is capable of supporting both 1 GHz and 2 GHz oscillations, whereas the lower structure oscillates at or above 2 GHz with the given beam velocity. Figure 2 illustrates this effect, which shows the time-integrated Fourier transforms of cavity oscillations in the top and bottom SWSs. Excitation of the next harmonic in the top SWS occurs provided that the lower SWS is also oscillating, as shown by the middle plot of Figure 2 . Third, the model features coaxial all-cavity extraction (CACE) currently under development at the University of Michigan to couple power out of the magnetron [5] . The CACE design builds on the concept introduced by Greenwood et al. [6, 7] . There are substantial benefits to this extraction approach. In particular, the absence of a lower cutoff frequency for coaxial TEM modes permits both the 1 GHz and 2 GHz oscillations to be readily coupled out of the top SWS. In addition, CACE is compact. Were rectangular waveguide used in an all-cavity extraction scheme, the minimum necessary beam velocity would be 0.5c, which would considerably limit the efficiency of the magnetron [8] .
Future Work
Design of a prototype MFRPM is currently underway. Experimental demonstration of the MFRPM concept is expected to involve modification of the existing RPM-12a used in prior RPM experiments [9] . Whereas the RPM-12a has a π-mode frequency of 1 GHz, the MFRPM will have an additional set of cavities designed for π-mode operation at 2 GHz. Preliminary experiments plan to exploit the design characteristics of the MCC to investigate operation with varying degrees of coupling between the two resonant structures. Ideally, control of the degree of coupling can be accomplished through the use of different MCC designs.
